###### Learning Point of the Article:

Artificial bone grafting technique using the novel unidirectional β-tricalcium phosphate impregnated with bone marrow blood collected from normal unfractured vertebral bodies could promote formation of new bone in a case of non-union of otsteoporotic vertebral fracture with severe vertebral instability.

Introduction {#sec1-1}
============

To treat non-union of osteoporotic vertebral fractures with severe instability, vertebroplasty is generally performed through a posterior transpedicular approach, in combination with pedicle screw fixation \[[@ref1]\]. Autologous bone is an ideal prosthetic material for the treatment of this disorder. However, harvesting autologous bone from elderly patients with osteoporosis is limited by the amount and quality of available autologous bone, need for another incision for harvesting, time required for harvesting, and possible post-operative development of donor site pain, as well as skin and neurological disorders. Thus, we developed an alternative bone grafting technique. Newly developed β-tricalcium phosphate bone substitute with a unique unidirectional porous structure and porosity of 57% (Affinos®, Kuraray Co., Ltd., Tokyo, Japan) is impregnated with bone marrow blood collected from unfractured (normal) vertebral bodies and used in the bone grafting procedure. We report our first case treated with our technique, along with the analysis of post-operative temporal changes on imaging. The patient was informed that data from the case would be submitted for publication and gave her consent.

Case Report {#sec1-2}
===========

An 87-year-old woman did not respond to conservative therapy for an osteoporotic fracture of the T12 vertebral body. After 2 months of conservative therapy, she exhibited delayed union and gait disturbance due to delayed leg paralysis. She was referred to our institution from a neighborhood hospital. The strength of the lower limbs (knee extension and ankle dorsiflexion) was rated manual max muscle test (MMT) 4 in the left limb and MMT 1 in the right limb. Old osteoporotic vertebral fractures were observed at levels L2 and L3. Plain radiography in flexion position revealed a markedly compressed T12 vertebral body ([Fig. 1a](#F1){ref-type="fig"}), and T2-weighted magnetic resonance imaging in the supine position revealed a large bony defect in the vertebral body ([Fig. 1b](#F1){ref-type="fig"}). In addition, computed tomography (CT) in supine position revealed and a large cortical defect in the anterior vertebral wall ([Fig. 1c](#F1){ref-type="fig"}) and CT in flexion position revealed that a bone fragment of the posterior vertebral wall was markedly retropulsed into the spinal canal ([Fig. 1d](#F1){ref-type="fig"}). Therefore, vertebral instability was significant in flexion and supine position.

![Pre-operative imaging. (a)Plain lateral X-ray in flexion position. T12 vertebral body (white arrow) was severely collapsed. (b)T2-weighted magnetic resonance imaging sagittal image. Large bony defect at T12 vertebral body (white arrow) in supine position. (c)Computed tomography (CT) horizontal image of T12 in spine position. Defect of anterior cortical wall was seen (arrowhead). (d)CT sagittal image at flexion position. The fragment of posterior wall of T12 was significantly retropulsed into the spinal canal.](JOCR-9-50-g001){#F1}

Surgery was performed with the patient in the prone position under general anesthesia. We selected vertebroplasty in combination with pedicle screw fixation instead of balloon kyphoplasty, which was often indicated painful osteoporotic vertebral fracture, due to the large cortical defect in the anterior vertebral wall. An 11-gauge guide needle was inserted from the left pedicle into a vertebral body under fluoroscopic guidance. Then, a 10-cc syringe was attached to the guide needle. Bone marrow blood (2--3 mL/vertebral body) was collected with high-pressure aspiration ([Fig. 2](#F2){ref-type="fig"} ). The bone marrow blood was transferred into another 20-cc syringe filled with Affinos® granules to impregnate them ([Fig. 2](#F2){ref-type="fig"} ). Next, a guidewire was inserted through the guide needle sheath and placed in a vertebral body. Then, the guide needle was removed, and hollow cannulated pedicle screws (Solera®, Medtronic Sofamor Danek, MN, USA) were inserted along the guidewire with conventional technique. In this manner, a total of 12 mL of fresh bone marrow blood werecollected from normal vertebral bodies between the levels T10 and L3. Subsequently, a 5-mm inserter for vertebroplasty (Kuraray Co., Ltd., Tokyo, Japan) was transpedicularly attached to the T12 vertebral body under fluoroscopic guidance, and Affinos® granules impregnated with bone marrow blood were injected under C-arm fluoroscopic guidance until the bone defect was completely filled. Finally, short pedicle screws were also inserted into the T12 vertebral body, and rods exactly reproducing the spinal alignment in the prone position were locked to the pedicle screws ([Fig. 3a](#F3){ref-type="fig"}). To prevent screw back-out due to osteoporosis, two 5-mmwidth super-high-molecular-weight polyethylene tapes (Nesplon®, Alfresa Pharma, Osaka, Japan) each were passed under the laminae of T12T10and L3 to fasten the rods for reinforcement. Finally, the resected spinous process was ground into chips and implanted posteriorly on the laminae. The operative time was 290 min, and the volume of blood loss was 480 g.

![Aspiration of bone marrow from vertebral body. A 10-cc syringe for aspiration of bone marrow, A 20-cc syringe including with Affinos®.](JOCR-9-50-g002){#F2}

![Post-operative imaging of X-ray. (a)Immediately after surgery (prone position). Vertebroplasty was performed at T12 and posterior instrumentation was performed from T10 to L3.(b)One year (standing position). Vertebral height was well maintained.](JOCR-9-50-g003){#F3}

Post-operative management included the use of a Jewett-type hard corset, and ambulation was allowed as early as possible. Teriparatide, which had been administered since the onset of this fracture, was continued for the treatment of osteoporosis. After surgery, leg paralysis resolved, and the patient was able to walk.

Three months after surgery, mild correction loss was observed in the affected vertebral body height; however, CT revealed regeneration of the cortex of the anterior vertebral wall. We determined that bone union was completed ([Fig. 4a](#F4){ref-type="fig"}). Six months after surgery, Affinos® granules were absorbed and became nearly as bright as adjacent autologous bone. Simultaneously, the cortex of the anterior vertebral wall was found to be further regenerated ([Fig. 4b](#F4){ref-type="fig"}). One year after surgery, X-ray in the standing position revealed that vertebral height was well maintained ([Fig. 3b](#F3){ref-type="fig"}). CT revealed that Affinos® granules were further absorbed. Meanwhile, the gap between the synthetic bone mass and the anterior vertebral wall, which had been observed at 6 months after surgery, had become unclear. Autologous bone was found to be further regenerated in the vertebral body ([Fig. 4c](#F4){ref-type="fig"}).

![Post-operative computed tomography. (a)Three months. The cortex of vertebral anterior wall was well regenerated (arrowhead)and bony fusion was achieved.(b)Six months. Absorption of Affinos® was partially began and the cortex of vertebral anterior wall was thickened (arrowheads).and bony fusion was achieved.(c)One year. Absorption of Affinos® was progressed and bony regeneration was advanced.](JOCR-9-50-g004){#F4}

Discussion {#sec1-3}
==========

When delayed union or pseudarthrosis affects vertebral bodies after osteoporotic vertebral fractures, severe instability persists as the present case. Moreover, the inside of affected vertebral bodies is filled with necrotic or fibrous tissue \[[@ref2]\]. In vertebral bodies associated with clefts, it is thought that blood flow into the vertebral bodies is blocked because thrombosis is frequently observed in the segmental arteries of the affected vertebral body \[[@ref3]\]. To achieve favorable bone union in vertebral bodies under a combination of adverse conditions with such local instability and aseptic necrosis-like pathological conditions, filling of bone defects with prosthetic materials having excellent regeneration capacity is necessary, in addition to achieving local stability using instrumentation, such as pedicle screws.

There is no dispute that autologous bone is essentially an ideal prosthetic material. However, in patients with severe osteoporosis, the amount and quality of autologous bone that can be harvested are limited. Affinos® bone substitute consists of β-tricalcium phosphate with unidirectional porous structure and high porosity of 57%. These have been demonstrated in animal experiments to be characterized by a fine balance between absorption of bone substitute and formation of new bone, as well as replacement by autologous bone \[[@ref4], [@ref5]\]. Only few clinical studies evaluating its implantation characteristics in humans have been reported \[[@ref6], [@ref7]\]. The present case is the first report of Affinos®used as an artificial bone grafting for spine surgery. Initially, when β-tricalcium phosphate was applied to the inside of vertebral bodies, in which the bone union process was delayed or paused as in our case, there was a concern that the bone substitute was only absorbed but not replaced by autologous bone. However, in our case, it was confirmed overtime that more than the expected amount of new bone was formed as the bone substitute was absorbed.

This artificial bone substitute with a unique unidirectional porous structure can be rapidly impregnated with bone marrow blood containing cells through capillary action \[[@ref5]\]. Although bone marrow blood is commonly collected from the ilium, it can also be collected from vertebral bodies \[[@ref8]\]. The advantage of collecting bone marrow blood from vertebral bodies is that completely fresh blood can be collected from each vertebral body. Moreover, it has been reported that bone marrow blood collected from the elderly still has the capacity to form new bone \[[@ref9]\]. It is also thought that the first 2--3 mL of collected bone marrow blood contains abundant myelocytes, regardless of age \[[@ref10]\]. Recent reports have indicated that minimally invasive procedures using bone marrow blood have been performed for aseptic necrosis (e.g., femoral head necrosis) and pseudarthrosis of the long bones of the extremities \[[@ref11], [@ref12]\]. Thus, it seems logical to use bone marrow blood collected from normal vertebral bodies in combination with the novel unidirectional β-tricalcium phosphate bone substitute granules for the treatment of vertebral bodies affected by non-union due to pathological conditions similar to aseptic necrosis or pseudarthrosis, as in our case.

In our surgical procedure, bone marrow blood is collected from vertebral bodies during the process of inserting pedicle screws so that little additional time is required to collect the bone marrow blood. Furthermore, because our technique does not require harvesting of bone grafts and does not cause bleeding, operative time and the volume of blood loss are reduced. Because there is no limit to the availability of artificial bone substitute, a sufficient amount can be injected to completely fill bone defects. This might also have contributed to reduction in time to bone union.

Although the present case was the preliminary trial case and many basic aspects remain to be elucidated, Affinos® granules impregnated with bone marrow blood collected from normal vertebral bodies exerted excellent effects, even in implantation under one of the most unfavorable pathological conditions for bone regeneration, that is, non-union of osteoporotic vertebral fracture. Our technique appears to be an acceptable alternative to transplantation of autologous bone and can be applied in the treatment of this disorder.

Conclusion {#sec1-4}
==========

Artificial bone grafting technique using the novel unidirectional β-tricalcium phosphate impregnated with bone marrow blood collected from normal unfractured vertebral bodies could promote the formation of new bone in a case of non-union of osteoporotic vertebral fracture with severe vertebral instability.

###### Clinical Message

Artificial bone grafting technique using the novel unidirectional β-tricalcium phosphate impregnated with bone marrow blood collected from normal unfractured vertebral bodies is a useful and innovative surgical technique for the treatment of non-union of osteoporotic vertebral fractures with severe vertebral instability.
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